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Transgenic plants with reduced expression of endogenous phytochrome A, exhibiting 
improved rooting, and methods for their production 

The present invention concerns transgenic plants and in particular transgenic plants exhibiting 
improved rooting capacity and/or improved survival after potting, and methods for their 
production. 

Background of the invention 

The importance to be able to propagate non-reproductive plant material can not be 
exaggerated, as successful propagation both in vifro or by cuttings of mature plant material 
can make it possible to speed-up the multiplying of important genetic plant material. Many 
commercially important plants, such as tree species, are very difficult to propagate both in 
viti-o and by cuttings. The latter as a result of the fact that mature trees loose their potential of 
forming adventitious roots. Examples of tree species that are difficult to root are e.g. aspen, 
eucalyptus, spruces, birches and oaks. Various chemical compositions, such as growth 
mediums, gels and pastes for inducing improved rooting have been suggested. One possibility 
to improve the rooting capacity is by using biotechnological methods. This would be more 
useful, and possess considerable practical and commercial importance. 

Phytochromes are a group of photoreceptors that detect light in the red and far-red 
wavelengths, and are involved in many developmental processes, such as seed germination, 
hypocotyl regulation, flowering and photoperiodism. The phytochromes are encoded by a 
multigene family. In the following description, this nomenclature will be adhered to: PHYA is 
the gene, PHYA is the apo-protein, phyA is the holoprotein. In Arabidopsis. five different 
phytochromes exist, phytochromes (PHY) A through E, in some cases with overlapping 
functions. Phytochrome A (phyA) is the only light labile phytochrome and has been shown to 
be the major receptor in for example, the classical very-Jow-fluence response (VLFR) and far- 
red high irradiance response (FR-HIR). PhyA is also an important detector of daylength, 
especially in long-day plants (see below). 

Daylength regulates many different aspects of plant growth and development, including the 
induction of flowering, tuberisation, vegetative growth and bud dormancy. In many woody 
species growing in high latitudes, the initiation of cold acclimation and dormancy are 
synchronised with the end of the growth season and the onset of low temperatures in the 
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autumn. Long days (LDs) sustain shoot elongation, whereas short days (SDs) induce growth 
cessation, formation of terminal buds, cold acclimation and bud dormancy. In many temperate 
tree species photoperiodic ecotypes have been described, that differ in their responses to 
daylength and adaptation to various photoperiodic regimes. 

5 Photoperiodism requires a means of monitoring time, and is thus dependent on an internal 
clock to perceive time and a photoreceptor to distinguish between light and dark. Our 
understanding of the circadian clock mechanism is still poor, but the recent identification and 
cloning of mutants aberrant in clock functions of the fly Drosophila melanogaster, the fungus 
Neiirospora crassa and the plant Arabidopsis thaliana have given important insights into 
1 0 some of its functions. Research has shown that the photoreceptors phytochrome and 

cryptochrome have dual roles in the detection of daylength. Firstly, by mediating the light on 
and light off signals of dawn and dusk they entrain the circadian oscillator. Secondly, they 
gate many rhythmic responses. 

Day-length perception can also be changed in plants by altering the levels of the 
1 5 photoreceptors by overexpressing or reducing the expression (by mutation or antisense 

transformation) of photoreceptor genes. Overexpression of Arabidopsis PHYB, or oat PHYA 
in Arabidopsis green seedlings has been shown to shorten the period of the circadian 
oscillations of cab::lnc expression compared to the patterns in plants with wild type. 
Overexpression of these genes also results in earlier flowering under SD conditions than in 
20 WT plants. Conversely, the phyA mutation in Arabidopsis affects the plant's sensitivity to 
daylength perception, making it less sensitive to night breaks, which promote flowering in 
WT plants. In the one study, the WT flowered about six days earlier, and the mutant only two 
days earlier, with night breaks than without them. Without night breaks the two genotypes 
flowered at the same time. The phyA mutant of pea,/i//j 7, has also been shown to be 
25 insensitive to daylength extensions, giving altered flower properties and delayed flowering. 
PhyA has also been suggested to promote flowering in pea by reducing synthesis or transport 
of a flowering inhibitor. These examples show that phyA may have a role in the photoperiodic 
control of flowering in the long day plants (LDPs) Arabidopsis and pea. However, the means 
by which phyA is coupled to the circadian clock is still not clear. 
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Prior art 

Phytochromes have besides the function in leaf and intemode tissues also been shown to have 
a functional role in root tissue in tobacco plants (Adam, E., Szell, M., Szekeres, M., Schaefer, 
E. and Nagy, F. (1994). The developmental and tissue-specific expression of tobacco 
phytochrome A genes. Plant J. 6, 283-293). 

The present inventors have earlier shown that expressing the oat PHYA in the deciduous tree 
hybrid aspen {Populus fremula L. x P. tremuloides Michx.) results in plants that are severely 
dwarfed and insensitive to the induction of dormancy by SDs (Olsen, J. E., Junttila, O., 
Nilsen, J., Eriksson, M. E., Martinussen, I., Olsson, O., Sandberg, G. and Moritz, T. (1997). 
Ectopic expression of oat phytochrome A in hybrid aspen changes critical daylength for 
growth and prevents cold acclimation. Plant J. 12, 1339-1350). This indicates that the phyA 
has importance in the process of shoot growth, but it can also be that phyA can function as an 
allocator of "energy" from shoot growth to root growth, i.e. the concept shoot/root growth. No 
effects on rooting capacity were however detected in this study. 

WO 96/01897 discloses polynucleotide sequences complementary to the photoreceptor gene 
HY4 used in order to produce transgenic plants having shorter or longer stem lengths than 
substantially homozygous non-transgenic plants. One aim of the invention according to WO 
96/01 897 is to produce plants which are insensitive to blue light regulation of their growth 
and which may thus grow taller than wild type plants in regions with less than optimal 
sunlight. Another aim is to breed "dwarf" varieties of various plants, as shorter plants do not 
fall over ass easily as taller plants upon application of large amounts of fertiliser. However, 
the particular cultivar of tobacco used in the experiments disclosed in WO 96/01897 did not 
yield an adult "dwarf 1 phenotype, a result which gives an indication of the uncertainties 
involved in this technical field. 

Heyer A. G. et al. (Function of Phytochrome A in Potato Plants as Revealed through the 
Study if Transgenic Plants, Plant Phvsiol . (1995) 109:53-61) discloses transgenic potato 
plants (Solanum tuberosum) containing the potato phytochrome protein encoded by the PHYA 
gene cDNA (phyA) in sense or antisense orientation. 



Heyer A. and Gatz ? C. (Plant Molecular Biology . 1 8:535-544, 1992) have isolated and 
sequenced a cDNA clone encoding the apoprotein of potato phytochrome and deduced the 
amino acid sequence. The sequence was found to show 78 % amino acid identity to 
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Arabidopsis phyA and 50 % identity to the Arabidopsis phyB ORF, supporting the 
classification of the cDNA clone as potato phyA phytochrome. 

Summary of the invention 

The:present inventors have surprisingly found that that phyA is an important factor both in 
5 detection of daylength and rooting capacity and proven this concept in hybrid aspen by 

studying anti sense PHYA plants with reduced expression of endogenous PHYA. The present 
inventors thus make available novel transgenic plants with improved rooting capacity, as well 
as a method for their production, as defined in the attached claims. 

Brief description of the drawings 

10 The invention will be described in closer detail in the following description and and non- 
limiting examples, with reference to the attached drawings, in which 

Figure 1 consists of two photographs, showing the apical part of AsPttPHYA line 7 and wild 
type hybrid aspen grown in tissue culture, the former showing the conditional phenotype of 
short internodes and bud formation at the apex; 

1 5 Figure 2 is a photograph showing roots from AsPttPHYA line 7 and wild type hybrid aspen 
grown in tissue culture, the former clearly showing increased root growth; 

Figure 3 shows a Northern blot analysis of early expanding leaf tissue showing the levels of 
PHYA transcript in wild type and transformed lines as detected by an antisense PttPHYA 
riboprobe. Total RNA, 48 }ig, was loaded from samples of all but line 7, and 38 jig of a 
20 corresponding wild type sample (indicated by*). As a loading control, the ethidium bromide 
staining shows rRNA intensity. 

Figure 4 shows the cumulative shoot elongation (cm) showing growth of wild type and 
AsPttPHYA lines grown in long photoperiod (18 h); 

Figures 5A and B being Northern blot analyses show the WT levels of PttPHYA transcript in 
25 different tissues, and photoperiods. Eight |ig of poly A+ RNA was loaded for each sample. 

5 A) shows the expression under LD in, left to right: young roots (YR), mature non-expanding 
internode (MI), late expanding internode (LI), early expanding internode (EI) and apex (A). 
5B) shows the expression under LD is compared to SD for young roots ( YR), late expanding 
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intemode (LI) and apex (A). For comparison, levels of the endogenous ubiquitin genes, 
PttUBOl or PttUB02 are also shown. 

Description 

Before the present method for improving the rooting capacity of plants is disclosed and 
described, it is to be understood that this invention is not limited to the particular 
configurations, process steps, and materials disclosed herein - with the exception of the 
sequence according to SEQ. ID. NO. 1 and sequences homologuous therewith - as such 
configurations, process steps, and materials may vary somewhat. It is also to be understood 
that the terminology employed herein is used for the purpose of describing particular 
embodiments only and is not intended to be limiting since the scope of the present invention 
will be limited only by the appended claims and equivalents thereof. 

Propagation of woody species by rooting of cuttings or via in vitro propagation is in many 
cases very difficult. The physiological and molecular reasons for some species being difficult 
to root are not known, but there are possibilities that specific "root induction" genes are more 
inhibited in some species than in others. The communication between root and shoot is also 
believed to be of importance as there is an old concept, of root growth versus shoot growth. 
The present inventors have investigated the role of phyA in the process of root growth, and 
shown for the first time that the level of PHYA is of importance for rooting ability and 
biomass. This is of considerable practical importance as it makes it possible to speed-up the 
multiplication of important genetic plant material, and this is achieved merely by genetically 
modifying the expression of one gene. The growth results also show that the overall growth 
during the growth season (i.e. long days) was not negatively affected. Rather the survival is 
higher as the increased rooting capacity also increases the survival after potting. The 
increased sensitivity to short days does not seem to have any negative effect on the total 
growth. 

The present invention makes available a plant cell comprising a polynucleotide sequence 
reducing the expression of a photoreceptor gene, and a plant comprising such a plant cell, 
wherein the expression of endogenous phytochrome A (PHYA) is reduced. 

It has been shown by the present inventors that the plant according to the invention exhibits 
improved rooting capacity as compared to the wild type of said plant. It has further been 
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shown that the plant according to the invention exhibits improved survival after potting as 
compared to the wild type of said plant. 

It is noted, that the prior art has indicated that phytochromes are present in all tissues of 

plants, including in the roots, and that they may have a functional role e.g. in controlling cell 

'J* 

5 morphology. It is not unexpected that root cell morphology should also be influenced by 
phytochromes, as it is just as important to a root to be able to detect light and react to it. It is 
however very surprising that by lowering the amount of one phytochorome, namely phyA, 
should lead to a dramatic increase in rooting and rooting ability. 

According to an embodiment of the invention, the polynucleotide sequence is a sequence 
1 0 capable of reducing the expression of a photoreceptor gene influencing photomorphogenetic 
development, and in particular an antisense construct corresponding to such a photoreceptor 
gene. According to a preferred embodiment, the polynucleotide sequence comprises a 
sequence capable of reducing the expression of a sequence substantially similar or 
substantially homologous to SEQ ID NO:l, such as a sequence hybridising therewith under 
15 stringent conditions, or in particular an antisense sequence of the nucleic acid sequence of 
SEQ ID NO:l. 

According to the invention, the plant is a woody plant belonging to a tree species, and in 
particular a plant chosen among aspen, spruce, pine, birch, oak, and eucalyptus. 

Further, according to the invention, the plant is a decorative plant. 

20 The invention also comprises propagating material of a plant according to any one of the 
above specifications, for example a seed of such a plant. 

The invention further makes available a method for improving the rooting capacity of plants, 
comprising the steps of 

a) transforming a plant cell with a polynucleotide sequence causing reduced expression of 
25 endogenous phytochrome A (PHYA); 

b) regenerating the plant cell into a plant; and 



c) selecting a plant with improved rooting capacity compared to the wild type of the same 
plant. 
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According to the inventive method, the polynucleotide sequence comprises a sequence 
capable of reducing the expression of a sequence substantially similar or substantially 
homologuous to SEQ ID NO: 1, or a sequence hybridising therewith under stringent 
conditions. In particular, the polynucleotide sequence comprises the antisense sequence 
corresponding to SEQ ID NO: 1 . 

The present invention makes available a method for improving the survival after potting of 
plants, comprising the steps of 

a) transforming a plant cell with a polynucleotide sequence causing reduced expression of 
endogenous phytochrome A (PHYA); 

b) regenerating the plant cell into a plant; and 

c) selecting a plant with improved survival after potting capacity compared to the wild type 
of the same plant 

According to the inventive method, the polynucleotide sequence comprises a sequence 
capable of reducing the expression of a sequence substantially similar or substantially 
homologuos to SEQ ID NO: 1, or a sequence hybridising therewith under stringent conditions. 
In particular, the polynucleotide sequence comprises the antisense sequence corresponding to 
SEQ ID NO: 1. 

The method will be described in closer detail in the following non-limiting examples: 

Examples 

J. J. Regeneration of antisense PHYA hybrid aspen 

The isolation of a full-length cDNA clone for hybrid aspen, PHYA, has been described earlier 
(Eriksson, M. and Moritz, T. (1997). Isolation of a cDNA Encoding a Phytochrome A 
(Accession No. AJ0013 1 8) from Populus fremula x tremxdoides. Plant Gene Register # 
PGR97- 1 86. Plant Physiol. 115, 1 73 1 X For the antisense construct a full-length cDNA 
fragment was cloned in reverse direction into the Bam FR site behind the 35S CaMV promoter 
of the vector pPCV702.kana. The construct was introduced by Agrobacterium twnefaciens 
mediated transformation into hybrid aspen (Nilsson, O., Alden, T., Sitbon, F., Little, C. H. A., 
Chalupka, V., Sandberg, G. and Olsson, O. (1992). Spatial pattern of cauliflower mosaic virus 
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35S promo ter-luceferase expression in transgenic hybrid aspen trees monitored by enzymatic 
assay and non-destructive imaging. Transgenic Res, 1, 209-220). Seven independently 
transformed lines (AsPttPHYA -plants) were regenerated. All but line 5, which showed a VVT 
phenotype, were shown in tissue culture to have a phenotype featuring compact growth, apical 
5 bud formation (Fig. 1), and increased root growth (Fig. 2). 

To investigate the antisense effect on the RNA level, leaves were harvested in LD conditions 
in the middle of the photoperiod. Leaves were chosen for this purpose, despite the low 
expression of PttPHYA in their tissues, since they are probably the site of photoperiodic 
sensing in many woody species. The analysis showed that the expression of the PHYA 
1 0 transcript was moderately reduced in the transformed lines, and there was no detectable 
down-regulation in line 5 compared to WT (Fig. 3). All transgenic lines were shown to 
express the antisense transcripts (data not shown). 

J.J. Down-regulation of PHYA affects the formation of roots in tissue culture 

The rooting capacity in vitro was increased in the lines with reduced PHYA levels (Fig. 2; 
1 5 Table 1). The root weight expressed as fresh weight was increased between 74 and 1 14 %. 
The increased root weight also improved the survival after potting, where 100% of antisense 
lines . survived, but approx. 80 % of wild type survived. 

Table 1. Increased root growth in AsPttPHYA lines L 2 and 7 

Plants were grown in tissue culture and number of plants per line = 3. Weight is expressed as 
20 mg fresh weight ± standard deviation. 

Wild type AsPttPHYA- 1 AsPttPHYA- 2 AsPttPHYA- 7 

14,1 ±4,3 24,3±7,3 27,5±9,2 30,2±6,7 



1,3. Down-regulation of PHYA affects SD induced cessation of apical growth but not growth 
under LD 

The effect of different photoperiods on growth of the transformants was first tested with all 
25 seven regenerated lines in a growth experiment. In LD (18 h) conditions the transgenic lines 
showed slightly increased elongation growth compared to the WT plants (Fig. 4). This was 
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probably due to their increased root biomass in tissue culture, which might promote early 
establishment after potting in soil. However, in SD conditions (10 h) all transgenic lines but 
line 5 showed increased sensitivity towards a short photoperiod, resulting in taster cessation 
of growth (Table 2). 

Table 2. Sensitivity to short photoperiods in WT and transformed lines 

The values from experiment (exp.) 1 show the cumulative height growth when the growth was 
completely stopped (n=3-5). The values from exp. 2 show the number of days to a visible bud 
is formed in short photoperiod (n=7-l 1). Statistical significance differences as compared to 
WT are indicated at the 1 % (*) and 5 % (**) level, Fisher' Protected Least Significant 
Difference (PLSD). 



Line 


Cumulative growth (cm ± STDEV) 
after 28 days in 10 h photoperiod 
(Exp. 1) 


Days (±STDE V) to bud set in 1 5 h 
photoperiod (Exp. 2) 


WT 


32,5 ±3,0 


40,4 ± 2,5 


As-1 


28,6 ± 4,0" 


35,2 ±3,1* 


As-2 


29,0 ±3,5" 


34,9 ± 2,9* 


As-4 


27,3 ± 2,6* 




As-5 


30,0 ±5,8 




As-7 


26,3 ± 4,7* 




As-8 


29,0 ±2,6" 




As-9 


29,3 ± 5,7 


33,6 ±4,7* 



1.4. Expression of PHY A is both spatially and photoperiodically regulated 

The expression pattern of the PHY A gene in different tissues of hybrid aspen was investigated. 
Plants were grown under a long photoperiod, and poly (A) 4 " RNA was extracted from young 
roots, the apex, early expanding, late expanding and mature non-expanding leaf blades, and 
internodes. Northern blot analysis showed that the highest levels of expression of the 
transcript in LD (18 h) occur in root tissue and in mature non-expanding internodes (Fig. 5 
A). The expression oiPHYA in the apical region, (Fig. 5 A) leaves and petioles was weak 
(data not shown), and no difference in expression was observed between different leaf 
positions. 
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To investigate possible differences in PHYA transcript levels under different photoperiods, 
plants grown under long photoperiods were transferred to a short photoperiod (10 h). Plants 
were harvested in the middle of the photoperiod both before the transfer and after four days of 
the short photoperiod. Results of the subsequent northern analysis show that there was a clear 
5 up-regulation of PHYA transcripts in the apex and elongating internode tissues, but a down- 
regulation in young root tissue, causing the strongest expression of PHYA to occur in 
internode tissue, in marked contrast to the expression patterns under LD (Fig 5B). 
Furthermore the expression levels in leaves were also very low compared to other tissues in 
SD (data not shown). 

1 0 J. 5. Antisense PHYA plants suggests that phyA has an important role in root growth 

The root biomass was dramatically increased in lines with reduced levels of PHYA (Fig. 2, 
Table 1). This shows that phyA might be an indirect regulator of root formation. There is a 
strong expression of PHYA in roots of hybrid aspen (Fig. 5a). This fits well with results from 
promoter-GUS studies in Arabidopsis and tobacco, quantitative studies of mRNA in tomato 
15 and protein studies in oat. Although the phyA protein has been shown to be both present and 
functional in root tissue and has been suggested to be involved in gravitropic sensing, there is 
still very little data on photochrome effects on root physiology. The present inventors, 
however, show for the first time that changes by genetic modification can significantly affect 
the root growth. 

20 1.6. Photoperiodic response of antisense PHYA plants suggests phyA also has a role in the 
photoperiodic control of apical growth cessation 

All transformed lines apart from line 5 showed a conditional dwarfed phenotype with apical 
bud formation in tissue culture. This is similar to tissue propagated Populus tremula in the 
same environment (data not shown). The P. tremula clone tested is a local ecotype with a 

25 longer critical daylength than the hybrid aspen T89 clone used. This indicates that the light 
conditions in the tissue culture, with respect to daylength and light quality, may have been 
unfavourable for apical shoot growth of the antisense PttPHYA plants and P. tremula. When 
transferred from tissue culture to LD conditions in the green house or growth chamber the 
antisense plants started to elongate like WT plants (Fig. 3). This shows that the dwarfed 

30 phenotype in tissue culture is not persistent, and the increased root biomass actually is a help 
during the establishment after potting on soil. 
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PttPHYA antisense plants show higher sensitivity to short photoperiods, with earlier and faster 
cessation of apical growth than WT (Table 2). In the previous work with hybrid aspen 
expressing the oat PHYA, the overexpression caused insensitivity to short days. Both present 
and previous results suggest, therefore, that phyA mediates photoperiodic control of apical 
5 growth cessation in Populus tremula x P.tremuloides. It can be argued that in general phyB is 
involved in short day induced responses. It has been shown, for instance in the SDP potato 
that antisense PHYB expression will lead to loss of the photoperiodic control of tuberisation. 
However, recent data from potato have shown that phyA is also important in the 
photoperiodic regulation of tuber formation (Yanovsky, M. J., Izaguirre, M., Wagmaister, J. 
10 A., Gatz, C, Jackson, S. D., Thomas, B. and Casal, J. J. (2000). Photochrome A resets the 
circadian clock and delays tuber formation under long days in potato. Plant J. 23, 223-232). 
Tuber formation is accelerated in transgenic potato with reduced PHYA expression compared 
to control plants when the day is extended with far red plus red light. The results show that 
phyA delay short day responses such as tuber formation in potato under LDs. 

1 5 Further evidence that the induction of dormancy in the hybrid aspen is not mediated via phyB 
is that SD with end-of-day far red (EOD FR) treatments does not inhibit dormancy induction. 
EOD PR treatment has been suggested to be mediated primarily by light stable phytochromes, 
such as phyB. Flowering in SDPs is also inhibited when plants are grown in inductive SDs 
and then subjected to EOD FR treatments. Data gathered by the present inventors therefore 

20 suggests that the induction of dormancy in hybrid aspen is a LDP response, in which JLD 
inhibits growth cessation. Thus, phyA is likely to inhibit bud set, by sustaining growth in a 
similar fashion to the flower promoting effect seen in Arabidopsis and pea. This would also 
explain the daylength independent growth seen in the hybrid aspen overexpressing oat PHYA. 
Furthermore, there is evidence suggesting that in LDPs, such as Arabidopsis and pea, phyA 

25 plays an important role in the perception of daylength. Earlier photobiological experiments 
performed using black Cottonwood (Populus trichoca)pd), suggesting that the black 
cottonwood induction of dormancy is a SD sensitive response, are not supported by the 
experimental data from hybrid aspen by the present inventors. There are, however, examples 
of species in which LDP, SDP and day neutral plant (DNP). varieties occur. 

30 7.7. The PHYA antisense inhibition is specific 

It could be argued that other phytochromes could also be affected directly or indirectly by the 
antisense inhibition and thus cause the observed changes in sensitivity to SDs. A direct effect 
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is unlikely, however, since the homology between different phytochromes in general is not 
high. Arabidopsis PHYA and PHYB show 52% homology at the amino acid level (Clack, T., 
Mathews, S. and Sharrock, R. A. (1994). The photochrome apoprotein family in Arabidopsis 
is encoded by five genes: The sequences and expression of PHYD and PHYE. Plant MoL Biol 
5 25, 41>3-427) and the more closely related PHYB and PHYD show 80% homology. In the 
deciduous tree species Populus trichocaipa, where the phytochrome gene family has been 
characterised, one PHYA locus and two PHYB loci have been identified. The homology 
between the partial PHYA and PHYB cDNA clones is about 55%, but the homology between 
the hybrid aspen PHYA clone used in the present examples and Populus trichocarpa PHYA is 
1 0 higher than 98%. The low degree of conservation between Populus PHYA and PHYB suggest 
that with the antisense construct of PttPHYA the inhibition will be restricted to PHYA. 
Further, phenotypic, evidence for specific PHYA inhibition is provided by the WT-like growth 
in LD, which markedly differs from the slender phenotype that has been observed in antisense 
PHYB potato plants and is also characteristic of the phyB mutant of e.g. Arabidopsis. 

15 LS. PHYA expression is both spatially and photoperiodically regulated 

The importance of phytochrome A in photoperiodically growth-regulated trees has now been 
shown both in the present investigation and in the previous work with hybrid aspen 
expressing the oat PHYA . Therefore the present inventors also conducted a spatial and 
photoperiodic characterisation of PttPHYA in hybrid aspen. As has been shown in other 
20 species such as Arabidopsis, tobacco and tomato, expression of PHYA was found in all tissues 
examined, including root, internode, apical tissues, (Fig. 5A) leaf and petiole (data not 
shown). The gradual increase in PHYA transcript levels from the apex to the lower internodes 
and roots of hybrid aspen suggests a light-dependent down-regulation of PHYA expression 
occurs, similar to that observed in studies of Arabidopsis PHYA and Pharbitis nil. 

25 This observation in hybrid aspen may be the results of the gradual decrease in light exposure 
from the apex to the root. No gradient was found in the leaves, but they were all exposed to 
about the same light intensity (data not shown). It should be emphasised that under SD 
conditions the expression oiPHYA was different from those under LD conditions (Fig. 5B). 
The expression of PHYA was up-regulated in the internode and apex upon transfer to SD, but 

30 down-regulated in root tissue. 
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Although little is known about PHYRNA levels in relation to photoperiod, there is now 
evidence that phytochrome B gene transcription is controlled by the circadian clock. It is 
tempting to suggest that the PHYA level is controlled by the circadian clock, and the earlier 
light-on signal perceived in LD grown plants may result in an altered circadian rhythm 
5 compared to the SD grown plants; However, this remains to be investigated. So far evidence 
for a circadian regulation of PHYA expression has not been reported. The up-regulation of 
PHYA in the internode and apex upon transfer to SD may also be due to synthesis of PHYA 
RNA occurring during the dark period. Under SDs the time from dark to the sampling point 
(the middle of the photoperiod) is shorter than in LDs, so there is less potential for light- 
1 0 induced inhibition of PHYA transcription. 

2. Materials and methods 

2. J. Antisense vector construction 

The antisense PttPHYA vector was constructed using the PttPHYA full length cDNA clone 
(accession number AJ001318) described in Eriksson and Moritz (1997) which is inserted 

1 5 between the Eco Rl and Xho 1 sites in the phagemid pBK-CMV (Stratagene, La Jolla, CA). 
The construct was cut with Xho 1, filled in with Klenow, and Bam HI linked. The insert was 
retrieved as &Bam HI fragment, and ligated into the Bam HI site of pPCV702.kana (Koncz, 
C. and Schell, J. (1986). The promoter of T L -DNA gene 5 controls the tissue-specific 
expression of chimaeric genes earned by a novel type of binary vector. Mol Gen. Genet. 204, 

20 383-396.). Constructs carrying the cDNA in antisense orientation were identified by 
enzymatic digestion and further confirmed by sequencing from a specific primer 
complementary to the 35S CaMV promoter binding approximately 1 10 bp upstream from the 
Bam HI cloning site; 5 , -GCAAGTGGATTGATGTG-3\ The resulting construct is denoted 
AsPttPHYA and includes the full length PttPHYA cDNA in an inverted position driven from 

25 the CaMV 35S promoter, and it was further used to transform hybrid aspen. 

2.2. Plant Transformation 

Transformation of AsPttPHYA into hybrid aspen [Populus tremula L. x P. ti-emuloides 
Michx.) and regeneration was done essentially as previously described (Nilsson, O., Alden, 
T., Sitbon, F., Little, C. H. A., Chalupka, V., Sandberg, G. and Olsson, O. (1992). Spatial 
30 pattern of cauliflower mosaic virus 35S promoter-luceferase expression in transgenic hybrid 
aspen trees monitored by enzymatic assay and non-destructive imaging. Transgenic Res. 1, 
209-220). The seven independent lines produced were all multiplied by cuttings and rooted in 
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vitro on half-strength MS medium containing minerals and vitamins. Wild type control plants 
were multiplied in tissue culture in parallel with the transgenic plants. 

2.3. RNA isolation and gel blot analysis 

Total RNA from the seven independent hybrid aspen lines (lines 1 , 2 4, 5, 7, 8, and 9) 
transformed with the AsPttPHYA construct and WT was obtained using a CTAB method for 
RNA extraction (Chang, S., Puryear, J. and Caimey, J. (1993). A simple and efficient method 
for isolating RNA from pine trees. Plant MoL Biol. Rep. 11, 1 13-1 16.) Either 48 jxg or 38 \xg 
(see figure text) total RNA from each sample was loaded onto formaldehyde agarose gels and 
separated according to Sambrook et a/., (1989) [Sambrook, J., Fritsch, E. and Maniatis, T. 
(1989). Molecular Cloning: A Laboratory Manual 2nd edn. Cold Spring Harbor : Cold Spring 
Harbor Laboratory Press] followed by capillary blotting onto nylon membranes (Hybond N, 
Amersham Pharmacia, Little Chalfont, UK) and cross linking by U V light (SpeclroLinker XL 
1000, Spectronics Corporation, Westbury, NY). 

As a template for generating riboprobes a PCR fragment from the PttPHYA (position 2630 to 
3047 bp), cloned between the T7 and T3 polymerase promoters of the puc 1 9 derived 
pT7/T3a-19 was nsed. Sense and antisense riboprobes were synthesised using a Strip EZ™ 
RNA T3 kit (Ambion Inc, Austin, TX, USA), transcription from the T7 promoter was carried 
out substituting the T3 polymerase mix with T7 RNA polymerase, and the RNA inhibitor 
RNAGuard (Amersham Pharmacia Biotech, Uppsala, Sweden) at recommended 
concentrations. Hybridisation was carried out at 65°C as described by Ait-Ali et al y (Ait-Ali, 
T., Frances, S., Weller, J. L„ Reid, J. B., Kendrick, R. E. and Kamiya, Y. (1999). Regulation 
of gibberellin 20-oxidase and gibberellin 3 beta-hydroxylase transcript accumulation during 
de-etiolation of pea seedlings. Plant Physiol 121, 783-791.), washing the membranes at the 
same temperature for five minutes in 2 x SSPE, 0.1 0/ o (w/v) SDS and then two times five and 
two times fifteen minutes in 0. 1 x SSPE. 0.1 % (w/v) SDS, before exposing them to 
Phosphoimager screens (Molecular Imager GS-525, Bio-Rad Laboratories, Hercules, CA, 
USA). Between hybridisations the Strip EZ™ RNA T3 kit (Ambion) was used to remove the 
probe. 

2.4. Poly A + extraction and analysis 

Total RNA extraction (as above) was followed by poly ( AY purification on oligo (dT)- 
cellulose type 7 (Amersham Pharmacia Biotech) according to the manufacturer's 
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recommendations, except that LiCl was substituted for NaCl. Eight of poly A+ RNA from 
each sample was loaded and blotted as described above. The blots were probed with purified 
alpha -[ 32 P] dCTP (6000Ci/mmol; Amersham) labelled DNA fragments, which were 
hybridised, washed and exposed to Phosphoimager screens as previously described (Eriksson, 
M. E., Israelsson, M., Olsson, O. and Moritz, T. (2000). Increased gibberellin biosynthesis in 
transgenic trees promotes growth, biomass production and xylem fiber length. Nat. 
BiotechnoL 18, 784-788.). Northern blots were probed with a 1 171 bp Eco RV Xba I PttPHYA 
fragment from its 3 '-end, stripped with boiling hot 0.1 x SSPE, in 0.1% (w/v) SDS and 
reprobed with the ubiquitin-like ESTs, A046p07u (PttUBOl) or A081p57u {PttUBOJ) 
(Sterky, F., Regan, S., Karlsson, J., Hertzberg, M., Rohde, A., Holmberg, A., Amini, B., 
Bhalerao, R., Larsson, M., Villaixoel, R. et al. (1998). Gene discovery in the wood-forming 
tissues of poplar: Analysis of 5,692 expressed sequence tags. Proc. Natl Acad. ScL USA, 95, 
13330-13335.). 

2.5. Growth experiments and sampling 

Complete root tissue from hybrid aspen plant grown in tissue culture were sampled and 
weighted on a Mettler AT20 balance (±10+ jig). 

Hybrid aspen plants for growth experiments were potted in fertilised peat and cultivated in 
the greenhouse until the plants were stabilised and growing well. The plants were grown 
under an 18 h photoperiod in the greenhouse, with day and night temperatures of 20°C and 
15°C, respectively. Photoperiodic experiments were carried out in a growth chamber at 18°C 
and a relative humidity of 90%. The photoperiod in LD conditions was 16 or 18 h long, with a 
10 h main light period, in which the 400-750 nm photon flux density was set at 175 jumol m" 2 
s" 1 (Osram Power Staw HQ1-TS 400 W/D lamps, Osram, Germany). Daylength extensions of 
6 or 8 h were given in LD using low-intensity light (20 pof 2 s ] ) before or after the main 
light period. The light qualities in the SD conditions were the same as for the LD main period, 
with 10 h photoperiods in experiment (exp.) 1 and 15 h in exp. 2. Plants were watered daily, 
and repotted and fertilised with a complete nutrient solution (SuperbaS, Supra Hydro AB, 
Landskrona, Sweden) once a week. 

In exp. L between three and five plants of each of the seven transgenic lines and the WT, 
were screened at 1 8°C for their growth responses under LD and SD conditions, with 1 8 h and 
10 h photoperiods, respectively. Cumulative stem elongation was recorded every 3 rd to 5 th day 
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over a period of 1 7 days under LD and 28 days under SD. In exp. 2, three lines (lines 1, 2 and 
9) were selected for further experiments. Together with the WT, these plants (7 to 1 1 per line) 
were tested over a period of 30 days under LD (18 and 16 h) and 46 SD (15 h) photoperiods. 
Materials for RNA analysis were harvested in exp. 1 from early expanding leaves of plants 
5 growing in LDs. Samples were harvested in the middle of the main photoperiod and leaves 
were taken and pooled from two plants per line. 

For the characterisation of the endogenous PttPHYA RJSJA expression, 1 1 weeks old wild type 
plants were first grown under LD conditions (18 h), two plants were sampled and the 
remaining two plants were transferred to SD (10 h) and harvested after four more days. All 

10 samples were harvested in the middle of the main photoperiod. Samples were collected from 
plants 1.7 - 1 .9 m tall, from the apices and internodes 9, 27 and 68, together with adjacent 
leaves and petioles as well as actively growing roots. The sampling positions, internode 9, 27 
and 68 corresponded to tissues being early expanding, late expanding and mature non- 
expanding, respectively. Tissues from two plants were harvested and pooled for each sample. 

15 The 'first internode' was defined as the first internode below a leaf at least 1 cm long. 

The results show that not only is the rooting capacity improved, but also the overall survival 
of the transgenic plants. This is an additional advantage of the present invention. It is also 
advantageous that this surprising result is achieved after regulating the expression of one 
single gene. The inventive method is comparatively simple and easy to perform also in large 
20 scale plant breeding. 

It is also an advantage that the antisense inhibition according to the invention is specific and 
was not observed to cause changes in SD sensitivity. 

Although the invention has been described with regard to its preferred embodiments, which 
constitute the best mode presently known to the inventors, it should be understood that 
25 various changes and modifications as would be obvious to one having the ordinary skill in 
this art may be made without departing from the scope of the invention as set forth in the 
claims appended hereto. 
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Claims 

1 . A plant cell comprising a polynucleotide sequence reducing the expression of a 
photoreceptor gene which influences photomorphogenetic development by reducing the 
expression of endogenous phytochrome A (PHYA). 

2. A plant, the cells of said plant comprising a plant cell according to claim 1, wherein the 
plant exhibits improved rooting capacity as compared to the wild type of said plant. 

3. The plant according to claim 2, wherein the plant exhibits improved survival after potting 
as compared to the wild type of said plant. 

4. The plant according to claim 2, wherein the polynucleotide sequence is an antisense 
construct corresponding to a photoreceptor gene. 

5. The plant according to claim 2, wherein the polynucleotide sequence is a sequence 
capable of reducing the expression of a sequence according to SEQ ID NO: 1 or a 
sequence substantially homologous therewith. 

6. The plant according to claim 2, wherein the polynucleotide sequence comprises the 
antisense sequence corresponding to sequence of SEQ ID NO: 1 . 

7. The plant according to any one of the claims above, wherein the plant is a plant belonging 
to a woody plant species. 

8. The plant according to any one of the claims above, wherein the plant is one of aspen, 
spruce, pine, birch, oak, and eucalyptus. 

9. The plant according to any one of the claims above, wherein the plant is a decorative 
plant. 

10. Propagating material of a plant according to any one of claims 2-9. 
] 1. A seed of the plant according to any one of the claims 2-9. 

12. A method for improving the rooting capacity of plants, comprising the steps of 

d) transforming a plant cell with a polynucleotide sequence causing reduced expression of 
endogenous phytochrome A {PHYAY 
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e) regenerating the plant cell into a plant; and 

f) selecting a plant with improved rooting capacity compared to the wild type of the same 
plant 

13. The method according to claim 12, wherein the polynucleotide sequence is a sequence 
5 capable of reducing the expression of a sequence according to SEQ ID NO:l or a 

sequence substantially homologous therewith. 

14. The plant according to claim 12, wherein the polynucleotide sequence comprises the 
antisense sequence corresponding to the sequence of SEQ ID NO:l. 

1 5. A method for improving the survival after potting of plants, comprising the steps of 

10 d) transforming a plant cell with a polynucleotide sequence causing reduced expression of 
endogenous phytochrome A (PBYA); 

e) regenerating the plant cell into a plant; and 

f) selecting a plant with improved survival after potting capacity compared to the wild type 
of the same plant. 

15 16. The method according to claim 15, wherein the polynucleotide sequence is a sequence 
capable of reducing the expression of a sequence according to SEQ ID NO:l or 
substantially homologous therewith. 

17. The method according to claim 15, wherein the polynucleotide sequence comprises the 
antisense sequence corresponding to the sequence of SEQ ID NO: 1 . 
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Fig. 2 
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SEQUENCE LISTING 

<110> SWE TREE GENOMICS AB 
MORITZ, Thomas 
ERIKSSON, Maria 

<120> Transgenic plants exhibiting improved rooting and 
methods for their production 

<130> MH45986 

<140> 
<141> 

<150> SE 0003875-2 

<151> 2000-10-25 

<160> 1 

<170> Patentln Ver. 2.1 

<210> 1 
<211> 3878 
<212> DNA 

<213> Populus tremula x Populus tremuloides 
<300> 

<30X> ERIKSSON, Maria E. 
MORITZ , Thomas 

<302> Isolation of a cDNA encoding a phytochrome A (Accession 

No. AJ0 01318) from Populus tremula x tremuloides 
<303> Plant Physiol. 
<304> 115 
<306> 1731- 
<307> 1997 

<400> 1 

aagatatggg gtttctgttt cccggggtca cttgggattc tcattttact tgcttttatt 60 

tttcttctcc tcctcctttc tcttcttcaa gctgtttaaa ccccagttat tgaaccttac 12 0 

tggatctatc ataactgggt tccgcttcgt tcatcatctc ataaggccat attcacaaaa 180 

attcctcagt tccactgcca taatcttttt tcttactact cggtccaact ggtttgatga 24 0 

taatgacgaa atgattacac caaagtttga gtgaaaatgt cttcttcaag gccaagccac 3 00 

tcatccagca attcagcaag atcaagacac agtgctagga ttattgctca gaccactgtg 360 

gatgccaagc tccatgctga ttttgaggag tcaggcagct cttttgatta ctcaagctca 42 0 

gtgcgtgtta ctgactcagt tggtggagat cagccaccca ggtctgacaa agtaactaca 480 

gcttatcttc accacatcca gaaaggcaag ctgatccagc cttttggatg cctgctagcc 540 

ttagatgaga aaactttcag agtcgttgca tacagtgaga atgcccctga actgttgact 6 00 

atggtcagtc atgcagtgcc aagtgttggg gaacatcctg ttcttggcat tggaactgac 660 
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atcaggacta tcttcactgc tcctagtgca tctgccttgc aaaaagccat gggattcggg 72 0 
gatgtttctc ttttgaatcc tatattggtc cattgcaaga cttctgggaa gccattttat 780 
gccattgttc accgggtgac tggcagtttg atcattgact ttgaacctgt gaagccttac 840 
gaggttccca tgactgctgc tggagctcta caatcataca agcttgcagc caaagcaatt 900 
actcggctgc agtctttgcc tagtggaagc atggaaaggc tttgtgatac aatggttcag 96 0 
gaagttttcg agctcactgg atatgatagg gcgatggcct ataaatttca tgatgatgat 1020 
catggagaag tggtctctga ggttacaaag ccaggcatgg agccatattt gggtttgcac 108 0 
tatccagcca ctgatatccc tcaggcttca cgctttctat ttatgaagaa taaagttcga 114 0 
atgattgttg attgtcatgc gaaacatgtc aaggtgcttc aggatgagaa gcttccattt 1200 
gatctaacat tgtgtggttc aaccctgagg gccccacaca gttgtcattt acaatacatg 12 60 
gagaacatga actccattgc ttctctggtt atggcagttg tagtcaatga tggggatgaa 132 0 
gatggtgata cccctgattc tgcgaaccca cagaaaagaa agagactttg gggtttagta 13 8 0 
gtgtgccata atacaagtcc gaggtttgtt ccgttccctc ttaggtatgc ttgtgagttt 1440 
ctagctcaag tatttgctat ccatgtcaac aaggaattgg agttagaaaa tcaaattgtt 15 0 0 
gagaagaaca tcctccgcac ccagacactc ttatgtgata tgctcatgcg tgatgcacca 1560 
ttgggtattg tgacacagag cccgaacatt atggatctgg taaagtgtga tggtgctgtc 1620 
ctgttctata ggaataagat atggaggttg gggataactc caagtgatct gcagcttcag 168 0 
gatatagctt tttggctctc tgagtaccat atggattcta caggtttgag tacagacagc 1740 
ttgtatgatg cagggtaccc aggggctctg gctcttggtg atgtagtttg tggaatggca 1800 
gctgtgagaa taacttccaa ggacatgctt ttttggtttc gatcccagac tgctgcagaa 18 60 
attcgatggg gtggtgcaaa gcatgaacct ggggagaagg atgatggaag gagaatgcac 192 0 
cctaggtcat ctttcaaggc cttccttgaa gttgtcaaga caaggagttt gccttggaag 198 0 
gactatgaaa tggatgcaat ccattctctg cagcttatcc tgaggaacac attcaaagac 2 0 40 
attgaaacca tggatgtgga taccaaaaca attcatgcaa ggctaagcga cctcaaaatt 210 0 
gaagggatgc aagaacttga agcagtgact agtgagatgg tccgtttaat tgaaacagct 2160 
acagtgccaa ttttggcagt tgatgttgat ggtctagtta acgggtggaa tacaaaaatt 2220 
tctgaattga ctggtcttct tgttgataaa gcaattggga agcatttgct aacacttgtg 22 8 0 
gaagattctt cagttgatat agtcaaacga atgttattct tggcattgca gggcaaagaa 2 340 
gagcaaaaca tacaatttga aatcaagaca catggttcca agtctgaatg tggccccatc 2400 
tgcttagttg ttaatgcctg cgcaagcagg gaccttcatg aaaatgttgt gggggtgtgc 24 60 
tttgtgggtc aagatatcac tggccagaag atggtcatgg acaagttcac ccgaattgaa 252 0 
ggggattaca aagcaattgt acaaaaccgg aaccctttga ttcccccaat atttgggacg 2580 
gatgagtttg gctggtgttc tgagtggaat cctgccatga caaatttgac tggttggaaa 2 64 0 
cgagaagaag ttctagataa aatgttactg ggagaggttt ttgggttaaa catggcatgc 2700 
tgtcgtctca agaatcagga ggcttttgta aatcttggtg ttgttcttaa cactgccatg 2760 
actggccagg aatccgagaa ggtttctttt ggtttctttg ctcggactgg aaagtatgtg 2820 
gaatgcctgc tgtgtgtgag taagaaattg gacagagagg gtgcagtcac tggggtattc 2880 
tgctttctac agcttgcaag ccaagagctg caacaagcac ttcatgtcca gcgattatca 2 940 
gagcaaactg ctttgaaaag attgaaagca ttggcttatt taaaaaagca gatctggaat 3 0 00 
cctctctctg gaattatatt ttctggcaaa atgatggagg gaaccgagtt gggagcagaa 3 0 60 
caaaaggagc ttctgcatac cagtgcccag tgccagtgcc aactcagcaa gattcttgat 312 0 
gactccgatc tcgatagcat catcgaaggt tacttggatc tggaaatggt ggagtttacc 318 0 
ctgcgtgagt actatggctg ctaccagtca agtcatgatg aaaaacatga aaagggcatt 3240 
ccaataatca atgatgcact gaaaatggct gagaccttat atggtgatag catcaggctt 3300 
caacaggtgt tggctgattt ctgcagatgt cagttaattt taacaccatc tggaggcctg 3 3 60 
cttactgttt cagctagttt tttccaaaga ccagttgggg caattctgtt tattcttgtg 3420 
cattctggga aactcaggat aaggcatctt ggtgcaggga ttcctgaagc actggtagat 3480 
caaatgtatg gggaggatac aggtgcgtct gtggagggga tcagcttggt tataagtaga 3540 
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aagctggtga agctgatgaa cggagatgtt 
tttatcatat cagtagagct tgctggtggc 
acaaggcagc ccatcccagg aaagaagata 
gagggggggt tggaattgtg gaacttaaca 
tatataataa ttgatttcca actatttacg 
tggaataggt ttttaaattc taaaaaaaaa 



cggtacatga gggaagcagg gaagtcgagt 3 600 
cataaatcgc aaaaaagggc atgataaaca 3660 
gggggaggtg tttgtgtata gtgaaagagg 3 720 
ccttgtctgt aaccaaatcc tatgctatgc 3 780 
catttgctaa ttgaattctt gtatttcatt 3840 
aaaaaaaa 3 878 
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